Abstract. The current work prepared chitosan/hydroxypropyl methylcellulose (HPMC) blends and studied the possibility of chitosan/HPMC blended patches for Zingiber cassumunar Roxb. The blended patches without/with crude Z. cassumunar oil were prepared by homogeneously mixing the 3.5% w/v of chitosan solution and 20% w/v of HPMC solution, and glycerine was used as plasticizer. Then, they were poured into Petri dish and produced the blended patches in hot air oven at 70±2°C. The blended patches were tested and evaluated by the physicochemical properties: moisture uptake, swelling ratio, erosion, porosity, Fourier transform infrared spectroscopy, differential scanning calorimetry, and X-ray diffraction, and photographed the surface and cross-section morphology under SEM technique. Herbal blended patches were studied by the in vitro release and skin permeation of active compound D. The blended patches could absorb the moisture and became hydrated patches that occurred during the swelling of blended patches. They were eroded and increased by the number of porous channels to pass through out for active compound D. In addition, the blended patches indicated the compatibility of the blended ingredients and homogeneous smooth and compact. The blended patches made from chitosan/HPMC blends provide a controlled release and skin permeation behavior of compound D. Thus, the blended patches could be suitably used for herbal medicine application.
INTRODUCTION
Recently, the biodegradable polymers classified into three groups: namely natural, semisynthetic, and synthetic, based on their sources, received highly increasing attention for use in transdermal drug delivery system development in pharmaceutical applications such as pectin and gelatin for testosterone patches (1); deproteinized natural rubber latex, hy d r o x y p r o p y l m e t hy l c e l l u l o s e ( H P M C ) , s o d i u m carboxymethyl cellulose, methyl cellulose, ethyl cellulose, and polyvinyl alcohol for nicotine patches (2-4) and ketoprofen patches (5, 6) ; sodium alginate and methyl cellulose for nifedipine patches (7); polylactic acid and poly (ε-caprolactone) for repaglinide patches (8) ; and poly (ε-caprolactone) and poly (DL-lactide-co-glycolide) for paclitaxel patches (9) and implantable biomaterials (10) (11) (12) . This can be due to degradability in vivo, either enzymatically or nonenzymatically such as (I) abiotic reactions, i.e., oxidation, photodegradation, or hydrolysis, or (II) biotic reactions, i.e., degradations by microorganisms, to produce biocompatibility or nontoxic of by-products (13) (14) (15) .
Among the suitable degradable polymers is chitosan, which is a potential useful as pharmaceutical material for transdermal patch development owing to its good biocompatibility and low toxicity (16, 17) . Chitosan is the most abundant basic biopolymer based on a linear amino polysaccharide of D- glucosamine and N-acetyl-D-glucosamine being obtained by the partial deacetylation of natural polymer chitin, the major compound of exoskeletons in crustaceans such as crabs, prawns, lobsters, the cuticles of insects, and the cell walls of fungi (16, 18) . The degree of deacetylation of chitosan can be determined by the proportion of D-glucosamine and N-acetyl-resulting in positively charged, making chitosan soluble. Thus, the chitosan is soluble after stirring in acids such as acetic, nitric, hydrochloric, perchloric, and phosphoric, but it is insoluble in water, organic solvents, and aqueous bases (19, 20) . The degradation products of chitosan are nontoxic, nonimmunogenic, and noncarcinogenic making it safe for drug delivery application (17) . Recently, chitosan is used to control release and also prepare as hydrogels in transdermal drug delivery systems of many drugs such as repaglinide (8) , ciprofloxacin hydrochloride (21), warfarin (22) , salicylic acid (23), prednisolone (24) , and rhodamine B (25) .
Herbal patches, also known as medicated adhesive patches, are designed to control release of active drug at a constant rate over a period of several hours or days after applying to the skin. Herbal patches provide a stronger, youthful, healthy body using a proven formula of natural herbal ingredients. The skin is a special membrane to control the rate at which the drug contained within the patches can (I) into the skin (dermal patches or topical patches) or (II) through the skin and into the bloodstream (transdermal patches) (26) (27) (28) .
Zingiber cassumunar Roxb., Thai herb, is used for the relief of pain and inflammation in a great number of conditions involving the joints and muscles. It has a wonderful, uplifting peppery green eucalyptus aroma, and is highly regarded for its therapeutic properties in massage. Also, similar to ginger are the anti-inflammatory and analgesic actions, though it has an overall cooling, rather than warming effect. Z. cassumunar may be blended with other essential oils: helichrysum, ginger, marjoram, nutmeg, black pepper, or soothing oils such as lavender and neroli, or bergamot for a synergistic effect. Z. cassumunar essential oil is considered nontoxic, nonsensitizing, and nonirritating (29, 30) . (E)-4-(3′,4′-dimethoxyphenyl)-but-3-en-1-ol (compound D), the volatile oil, is extracted from the rhizomes of Z. cassumunar that is also reported as analgesic, and antipyretic properties exhibit inhibitory and anti-inflammation activity by using various experimental models of inflammation (31, 32) . It is also used as topical treatment for sprains, contusions, joint inflammations, muscular pain, abscesses, and similar inflammationrelated disorders.
In recent studies, we prepared the herbal blended patches were the crude Z. cassumunar oil incorporating in polymer blends -consisted of chitosan, HPMC and using glycerine as plasticizer. These patches including blank and herbal blended patches were determined, identified, and evaluated the physicochemical properties such as moisture uptake, swelling ratio, erosion, porosity, Fourier transform infrared spectroscopy (FTIR), differential scanning calorimetry (DSC), X-ray diffraction (XRD), scanning electron microscope (SEM), and in vitro release and skin permeation studies.
MATERIALS AND METHODS

Materials
The Z. cassumunar rhizome powder was provided from Charoensuk Osod, Thailand. Chitosan (degree of deacetylation=85%) was obtained from Seafresh Industry Public Co., Ltd., Thailand. HPMC was obtained from Onimax, Thailand. Glycerine was obtained from Sigma-Aldrich, USA.
All organic solvents were obtained from Merck KGaA, Germany.
Crude Z. cassumunar Oil Preparation and Separation of Compound D from Crude Z. cassumunar Oil The Z. cassumunar powder was extracted in 95% ethanol, filtered through a 0.45 μm of polyamide membrane, and evaporated to obtain crude Z. cassumunar oil. The crude Z. cassumunar oil was dissolved in ethyl acetate and separated by column chromatography on silica gel technique to collect the compound D.
Herbal Blended Patch Preparation
The chitosan was dissolved in 1% acetic acid in distilled water in concentration of 3.5% w/v. The HPMC was dissolved in distilled water in concentration of 20% w/v. The blank blended patches were prepared by 2 g of 3.5% w/v chitosan that was mixed together with 5 g of 20% w/v of HPMC and homogeneously mixed with 2 g of glycerine as plasticizer. The herbal blended patches were prepared by dissolving 3 g of crude Z. cassumunar oil in absolute ethanol and continuously mixed in polymer blend solution. They were transferred into Petri dish and subsequently dried in hot air oven at 70±2°C for 5 h.
Evaluation of Blank and Herbal Blended Patches
Moisture Uptake, Swelling Ratio, and Erosion Studies
The moisture uptake, swelling ratio, and erosion were cut 1 cm×1 cm patch specimens. The moisture uptake and the patch specimens were weighed for their initial value (W 0 ). Then, the patches were moved to stability chamber (model Climate Chamber ICH/ICH L, Memmert GmbH+Co. KG, Germamany) which controlled the temperature at 25±2°C and 75% relative humidity environment. The specimens were removed and weighed until constant (W u ). The percentage of moisture uptake was calculated by Eq. (1) (33) .
The swelling ratio and erosion study were also determined by drying patch specimens in hot air oven at 60±2°C overnight. Then, the patches were weighed (W 0 ) and immersed in 5 mL of distilled water and moved to stability chamber (model Climate Chamber ICH/ICH L, Memmert GmbH+Co. KG, Germamany) which controlled the temperature at 25±2°C and 75% relative humidity environment for 48 h. After removal of excess water, the hydrated patches were weighed (W s ). They were then dried again at 60±2°C overnight and weighed again (W d ). The percentage of swelling ratio and the percentage of erosion were calculated by Eqs. (2) and (3), respectively.
Porosity Determination
After the patch specimens were equilibrated in water, the volume occupied by the water and the volume of the membrane in the wet state were determined. The porosity of patch specimens was obtained by Eq. (4) (34, 35) .
FTIR Study
The chitosan film, HPMC film, crude Z. cassumunar oil, blank blended patches, and herbal blended patches were scanned at a resolution of 4 cm −1 with 16 scans over a wavenumber region of 400-4,000 cm −1 using the FTIR spectrometer (model Nicolet 6700, DLaTGS detector, Thermo Scientific, USA.). The characteristic peaks of IR transmission spectra were recorded.
DSC Study
A sample was transferred into the DSC pan that was then hermetically sealed and run in the DSC instrument (model DSC7, Perkin Elmer, USA) from 20 to 350°C at the heating rate of 10°C/min under a liquid nitrogen atmosphere. The DSC thermogram was reported, and the endothermic transition was investigated.
XRD Study
The XRD (model X'Pert MPD, PHILIPS, Netherlands) was also employed to study the compatibility of the chitosan, hydroxypropylmethyl cellulose, blank blended patches, and herbal blended patches. The generator operating voltage and current of X-ray source were 40 kV and 45 mA, respectively, with an angular of 5-40°(2θ) and a stepped angle of 0.02°(2θ)/s.
SEM Photography
The surface and cross section of blank blended patches were photographed in the surface of herbal blended patches under SEM instrument (model Quanta 400, FEI, Czech Republic) with high vacuum and high voltage of 20-kV condition and using Everhart-Thornley detector.
In Vitro Release Study and Skin Permeation of Compound D
The in vitro release of compound D from the herbal blended patches was investigated using a modified Franztype diffusion cell with an effective diffusion area of 1.77 cm 2 . The receptor medium was 12 mL of isotonic phosphate bu ffer solu tio n pH 7.4/ethanol = 80:20, thermoregulated with a water jacket at 37±0.5°C and stirred constantly at 600 rpm with a magnetic stirrer. The crude Z. cassumunar oil was applied on the cellulose membrane (MWCO 3,500 Da, CelluSep® T4, Membrane Filtration Product, Inc., USA) as a barrier between the donor compartment and the receptor compartment. The herbal blended patch preparations were cut and directly placed as a membrane between the donor and receptor cells. In the in vitro skin permeation, the newborn pigs of 1.4 to 1.8 kg weight that had died by natural causes shortly after birth were freshly purchased from a local pig farm in Chachoengsao Province, Thailand. They were trimmed with a scalpel and cleaned. The crude Z. cassumunar oil and herbal patch were applied onto the pig skin. The receptor compartment was 12 mL of isotonic phosphate buffer solution pH 7.4/ethanol= 80:20 and stirred constantly at 600 rpm by a magnetic stirrer, at a constant temperature of 37±0.5°C. A 1-mL receptor solution was withdrawn at 0-, 0.5-, 1-, 2-, 3-, 4-, 6-, and 24-h time intervals, and an equal volume of fresh isotonic phosphate buffer solution pH 7.4/ethanol=80:20 was immediately replaced. The compound D content in these samples was determined by the HPLC method. The experiments for each sample were performed in triplicate.
HPLC Condition
Compound D was analyzed by the RP-HPLC system using an Agilent 1260 Infinity system (Agilent Technologies, USA) with detection at 260 nm. A 4.6-mm×250-mm diameter, 5-μm particle size C18 column (ACE 5, DV12-7219, USA.), a flow rate of 1 mL/min, and injection volume of 10 μL were used for this experiment. The mobile phase was a gradient elution of 2% acetic acid in ultrapure water (A) and methanol (B) of 60 to 50% of A, 50 to 30% of A, 30 to 20% of A, 20 to 50% of A, 50 to 60% of A, and 60% of A for 0-5, 5-15, 15-25, 25-30, 30-32, and 32-40 min, respectively (36) . The compound D content was calculated comparing with the validated calibration curve. The HPLC method provided limit of detection of 0.20 μg/mL, limit of quantification of 0.80 μg/mL, good accuracy (95.38-104.76%), precision (less than 2% CV), and linearity with good correlation coefficient (r 2 ) >0.9999 in the required concentration range of 2-40 μg/mL of pure compound D. However, the method validation was described in previous publication (36, 37) .
RESULTS AND DISCUSSION
Evaluation of Blank and Herbal Blended Patches
The appearances of blank blended patches after drying were photographed by digital camera (Fig. 1) . The blank blended patches were yellowish transparent membrane (Fig. 1a) . When crude Z. cassumunar oil was mixed in blank blended patches, called herbal blended patches, it expressed the dark yellow patches due to the individual appearance of crude Z. cassumunar oil (Fig. 1b) .
Moisture Uptake, Swelling Ratio, Erosion, and Porosity Studies
The moisture uptake, swelling ratio, erosion, and porosity of blank blended patches are shown in Table I . The chitosan and HPMC were swelling and hydrophilic polymers that were reported in previous work and increasingly used of these polymer in pharmaceutical industry for production of controlled drug delivery systems (2, 16) . Swelling in polymer compacted of chitosan and HPMC occurs upon immediate hydration of the polymer. As the dry patches became hydrated patches and adsorbed the moisture from environmental during studied experimentation, the mobility of the polymer chains of chitosan and HPMC increased, therefore increasing the hydrodynamic volume of the polymer compact that allowed swelling of these patches. And then, some polymer or ingredients were dissolved and eroded from their patches which presented the pores in these patches.
When crude Z. cassumunar oil was added in blank blended patches, the moisture uptake, swelling ratio, erosion, and porosity were found not significantly changed. Furthermore, the moisture uptake and swelling ratio values were observed, and the erosion and porosity values of the blended patches might significantly effect on release behavior of active compound D. These indicated that some hydrophilic parts of polymers or ingredients could be dissolved and eroded from the patches, to increase the number of porous channels to pass through out for active compound D. Thus, the moisture uptake, swelling, and erosion behaviors of the polymeric patches play important roles during the early stages of patch degradation (38) . Figure 2a shows the FTIR spectra of crude Z. cassumunar oil and compound D. The crude Z. cassumunar oil is composed of several essential oils (39-41); thus, we cannot identify the functional groups for their compound. However, the compound D exhibited a topical anti-inflammatory effect that inhibited edema formation when tested using various experimental models (32, (42) (43) (44) + . These separation method and results were reported in our previous publication (36) . Thus, we successfully separated the main active compound D from crude Z. cassumunar oil which could be used as standard compound D for this research.
FTIR Study
In Fig. 2b , the principle FTIR absorption peaks of the pure chitosan were observed and corresponded to the stretching vibrations of -OH groups which overlapped to the stretching vibration of N-H in the range from 3,750 to 3,000 cm −1 . The bending vibrations of methylene and methyl groups were also visible at 1,375 and 1,426 cm −1 , respectively. The spectrum bands in the range of 1,680-1,480 cm −1 were identified to the vibrations of carbonyl bonds of the amide group and to the vibrations of protonated amine group. The vibrations of CO group were found in the range from 1,160 to 1,000 cm −1
. In addition, the spectrum band located at around 1,150 cm −1 related to asymmetric vibrations of CO in the oxygen bridge resulting from deacetylation of chitosan. Finally, the small spectrum peak at ∼890 cm −1 corresponded to wagging of the saccharide structure of chitosan (45) . The HPMC showed the broad spectra of the stretching vibration of O-H at 3,446 cm −1 and the stretching of the C-O-C anhydroglucose ring at 1,054 cm −1 . The acquired spectra were similar to those reported for HPMC (46, 47) . Blank blended patches and herbal blended patches had not found new absorption band; thus, they had found all ingredients and compound D in their patches.
DSC Study
DSC technique was used as tool for monitoring the effects of additives on the thermal behavior of composition in blank blended patches, and herbal blended patches; this technique was used to deliver qualitative information about the physicochemical status of ingredients in the preparations (48) . DSC thermograms of chitosan, blank blended patches, and herbal blended patches are shown in Fig. 3 . Thermogram of chitosan showed an initial broad peak at 76°C, and enthalpy of peak (ΔH) was 242.49 J/g over a large temperature range that was attributed to water loss due to evaporation of absorbed water, and this represents the energy required to vaporize water present in the samples. Under the experimental conditions, the degradation DSC peak was observed for chitosan polymer that occurs at 326.67°C, and ΔH was 55.60 J/g (Fig. 3a) . The transition of both blank blended patches and herbal blended patches occurred at an initial very broad peak at 97.83°C and ΔH was 188.31 J/g, and 121.17°C and ΔH was 138.88 J/g, respectively, which had resulted from loss of moisture on heating. These events were followed by a broad endothermic peak at 200 to 292°C in both blank blended patches and herbal blended patches, which might be attributed to glycerine component. Further, decomposition of both blank blended patches and herbal blended patches was observed as a broad endotherm at 263.84°C and ΔH was 402.058 J/g, and 271.83°C and ΔH were 514.559 J/g, respectively, under identical experimental DSC conditions (Fig. 3b, c) . However, blank blended patches and herbal blended patches were not seen as an asymmetric peak representing thermal event of a new form.
XRD Study
The XRD technique was based on the elastic scattering of X-rays from structures which had long-range order. It was an efficient analytical technique to identify and characterize crystalline and amorphous form of sample. Thus, this work used the XRD technique to identify and characterize crystalline and amorphous form of chitosan, HPMC, blank blended patches, and herbal blended patches that had been represented their semicrystalline characters because of the strong intermolecular interaction between HPMC chains through intermolecular hydrogen bonding (50) . In addition, Fig. 5 . Surface morphology of blank blended patches (a) and herbal blended patches (b), ×500 (a), ×1,000 (b), and ×1,500 (c), and cross-section morphology of blank blended patches (c) and herbal blended patches (d), ×1,000 (d), ×1,500 (e), and ×5,000 (f) these peaks were not found in the blank blended patches and herbal blended patches which exhibited an amorphous phase, due to the broad diffraction halo, so that the crystalline peaks of chitosan and HPMC disappeared.
SEM Photography
The SEM technique was used to photograph the highresolution morphology in surface and cross section (Fig. 5) of blank blended patches. The surface of blank blended patches was homogeneously smooth and dense with no visual pores (Fig. 5a ). Although the cross section of blank blended patches was dense and smooth morphology without poring and cavities, it was seen minimal cracking due to the water being lost rapidly through surface evaporation in blank blended patch preparation (Fig. 5c) (51) . When crude Z. cassumunar oil was added in blank blended patches, the herbal blended patches became rough and uneven surface patches (Fig. 5b) . This was due to the crude Z. cassumunar oil leading to conglomeration and aggregation in the matrix of herbal blended patches. This conglomeration and aggregation might result in high dense, condense, and compact patches without poring, cracking, or cavities in the cross-section morphology of herbal blended patches more that had the great diffusion of the crude Z. cassumunar oil in the patches (Fig. 5d) .
In Vitro Release and Skin Permeation Study of Compound D
The determination of compound D content in herbal blended patches was extracted by sonication method in absolute ethanol. The different five sites of the herbal blended patches were cut into 1 cm×1 cm. They were soaked with 10 mL ethanol in volumetric flask and sonicated at 25°C for 30 min. Then, they were diluted with ethanol in appropiate concentration and filtered through a 0.45 μm. The content of compound D was analyzed with HPLC method. The content of compound D in herbal blended patches was found 1.34± 0.26 mg/cm 2 . In in vitro experimental, the compound D in crude Z. cassumunar oil was added in concentration of 0.58 mg/ cm 2 to study the in vitro release and skin permation behavior. The release behavior of compound D in crude Z. cassumunar oil across cellulose dialysis membrane is shown in Fig. 6a . It could be seen that all compound D release profiles presented a fast initial burst release during the first 6 h, which might be due to rapid diffusion of c o m p o u n d D in t h e r e c e p t o r m e d i u m . Th e f i n a l concentration of compound D release from crude Z. cassumunar oil after 24 h was 0.53±0.11 mg/cm 2 , and then, it was converted to percentage cumulative release of 90.43 ± 19.28% when compared to initial concentration (Fig. 6c) . As well as, the herbal blended patches could release the compound D in final concentration of 1.14±0.20 mg/cm 2 ( Fig. 6b ) or in the percentage cumulative release of 85.62± 14.68% (Fig. 6c) . It presented a fast initial burst release during the first 6 h, exhibited a similar effect on the compound D release behavior from crude Z. cassumunar oil, which might due to rapid diffusion of compound D on the surface of patches. In addition, from the results of moisture uptake, swelling ratio, erosion, and porosity studies might create a space and a large free volume within the blended patches, leading to increase molecular mobility and segmental relaxation, and therefore enhancing compound D diffusion (38) . The previous research suggested that the amorphous region of the matrix patches could accordingly enhance drug diffusion (2,3,52) . However, the percentage cumulative release of compound D from herbal blended patches was found to be significantly lower than that from crude Z. cassumunar oil. Thus, the formulation of blended patches was observed to had a significant impact on compound D release. The herbal blended patches could highly entrap compound D in their formation and slightly released the compound D.
The in vitro skin permeation study was carried out in a modified Franz diffusion cell using newborn pig skin as partition membrane. The mean cumulative amount of compound D permeated from crude Z. cassumunar oil and herbal blended patches after 24 h was 0.23±0.11 ( Fig. 7a) and 0.49± 0.22 mg/cm 2 ( Fig. 7b) , respectively. Then, they were calculated as percentage cumulative permeation of 38.55±18.48 and 36.55± 16.73%, respectively (Fig. 7c) . From the skin permeation results, it was found that the compound D slightly detected in receptor medium because the compound D might be accumulated in the stratum corneum layer of newborn pig skin. Thus, the newborn pig skin was removed from modified Franz diffusion cell apparatus and extracted in absolute ethanol, and then analyzed the remaining compound D content by HPLC method. It found 60.54±39.55 and 49.53 ±20.56%, respectively. Even though another publication reported the glycerine that could enhance drug permeability by acts as penetration enhancer (2,3), the herbal blended patches comprised the glycerine as plasticizer; it not affected on this study due to a little amount in herbal blended patches. In addition, structure of compound D was reported in previous publication (32, 41, 44) act as hydrophilicity less than hydrophobicity. Thus, it might highly accumulate in stratum corneum layer of newborn pig skin and could slightly across this layer into receptor medium. However, this mechanism effect will be further studied in our future work. 
CONCLUSIONS
Our study demonstrated that the formulation, physicochemical characterization, and in vitro study of herbal blended patches prepared from the blending of crude Z. cassumunar oil, chitosan, and HPMC with glycerine as plasticizer. The moisture uptake, swelling ratio, erosion, and porosity confirmed the hydrophilic patches that could be used for herbal blended patches. They suggested the controlled release of active compound D from their patches. FTIR, DSC, and XRD studies showed compatible blended patches that were homogeneous blended patches with amorphous region. In addition, the SEM morphology confirmed the homogeneous smooth and compact in both surface and cross-section preparation. The in vitro release presented the suitable blended patches which could entrap the compound D in their blended patch formation and control the compound D release into receptor medium. Moreover, in vitro skin permeation of compound D slightly found in receptor medium, but it was accumulated in newborn pig skin. Thus, we successfully prepared the new blended patches made from chitosan and HPMC for herbal medicine application that might be developed for industrials in the future.
